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INTRODUCTION 
In the ultrasonic testing practice of today SV- and longitudinal 
waves are exclusively used because these wave types can be excited by 
piezoelectric ultrasonic transducers introduced a long time ago. 
SH-waves offer a number of advantages compared to SV- and longitudinal 
waves as for example: 
--reflection, refraction and diffraction without mode conversion 
--complete corner reflection independent of the angle of incidence 
--propagation in thick-walled components (d >>A) as a 
bulk wave even along the surface 
--propagation in thin-walled components (d ~A) as a 
guided wave (SH-mode) 
--no radiation of energy into fluids of small viscosity 
In principle it is possible to excite SH-waves by piezoelectric 
transducers, but in practice these transducers are not applicable due to 
coupling problems. 
EMUS-PROBES AND EQUIPMENT 
With ~lectromagnetic yltraeonic (EMUS) -transducers it is quite easy 
to excite SH-waves in electrical conductive materials and the 
transduction is effective enough to use these waves for practical 
applications. 
On ferromagnetic materials the following type of EMUS-transducer is 
used (Fig. 1). The transducer consists of an rf-coil arrangement in a 
meander fashion and an U-shaped electromagnet. The rf-coil can be 
divided in several single segments as it is shown here. The single 
segments are driven by separate power stages with a certain time delay 
between the electrical burst signals. Such a configuration works as a 
phased array-transducer. The electromagnet is driven by an ac-current of 
50 Hz. This type of EMUS-transducer produces alternating shear forces at 
the surface of a ferromagnetic material by magnetostrictive forces. The 
magnetic bias field and the direction of eddy currents is parallel. 
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In nonferromagnetic electrical conductive materials a second type of 
EMUS-transducer is used (Fig. 2). This configuration consists of an 
arrangement of periodic permanent magnets. In the case of a phased array 
transducer the whole arrangement is divided into single segments of 
permanent magnets. The rf-coil of one segment is built-up as a meander 
coil. Here the SH-wave is excited in nonferromagnetic materials by 
Lorentz-forces. 
With EMUS-phased array transducers an unidirectional radiation and a 
better axial resolution can be achieved. Different EMUS-probes have been 
constructed according to these two basic configurations as segmented (phased array-transducer) and nonsegmented transducers. These 
EMUS-probes can be operated with different electronic systems. One 
system, a phased array system, is built-up with six transmitter and 
receiver channels. The following parameters can be changed by software: 
the frequency, the time delay between the transmitted and received 
signals in the different channels, the radiation direction and the tuning 
of the transmitter and receiver coils. The transmitter power stages can 
deliver up to 3 kW (pulse power). For EMUS-probes with electromagnets a 
built-in power supply for the magnetization is used. 
Exciting SH-waves by EMUS-probes, a large range of angles of 
incidence between 20o and 90° can be realized (Fig. 3). It is remarkable 
that with one probe the near-probe as well as the far probe surface and 
the volume of a component can be tested. In the case of a nonsegmented 
EMUS-probe the angle of incidence is changed only by varying the 
frequency or in the case of a segmented EMUS-probe by varying the time 
delay between the single segments. 
TESTING OF AUSTENITIC WELDS AND CLADDING 
The ultrasonic inspection of austenitic weld material is mostly 
complicated by a high degree of elastic anisotropy and a coarse grain 
structure of the weld metal. Among different ultrasonic wave modes, 
SH-waves seem to be most suitable for the inspection of austenitic welds 
and cladding [1,2,3,4,5). 
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The following properties of SH-waves contribute to a better testing 
quality 
--no mode conversion at the base metaljweld metal inte rface 
--high" acoustical transparency" of the base metal/we ld metal 
interfaces for large ranges of angles of incidence. 
--small beam skewing and distortion in austenitic weld material 
--small echo indications by weld crowns and roots for large 
angles of incidence 
At a number of austenitic pipe segments with welds measurements with 
EMUS-phased array transducers for SH-waves have been carried out testing 
t he inner surface from outside. Using an angle of incidence of 75° a 2 
mm deep notch at t he base metal/weld metal int erface inside a pipe could 
be detected with SH-waves with a signal-to-noise ratio ( S/N) of 21 dB 
(upper part of Fig. 4). The defect echo is designated with DE and the 
echo of the edge of the specimen is designated with EE. Moving the probe 
parallel to the weld seam acoustical background noise was detected which 
is 15 dB below the echo indication of the notch . 
If the defect is irradiated through the weld metal a signal-to-noise 
ratio of 19 dB is achieved (lower pa rt of Fig . 4) . Compa r e d to the 
direct i rradia tion t he r e is only a loss of 2 dB in sens itivi ty . This 
demonstrates the high t ransparency of t he austenitic we ld for SH-waves. 
A further result of testing austenitic weld material by Sh-waves is 
shown in Fig. 5. Here a 3 mm deep notch at the surface of the cladding 
was insonified by SH-waves from the ferritic side under an angle of 
incidence of 45° . These defect is detected with a signal-to-noise ratio 
of 21 dB (upper oscillogram). Here again the corresponding echo 
indi cat ion is designated wi t h DE. Comparing measur emen t s with a 
p iezoe l ectric phased a rray transducer for SV-waves ( f - 1 MHz) have sh own 
t hat t his artificia l de fect has been detec ted wi th a s i gna l-to-noise 
ratio of only 12 dB. 
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In the case of testing the cladding with SV-waves the acoustical 
background noise produced by the base metal/weld metal interface and the 
cladding itself is much higher than in the case of testing with SH-waves. 
The lower oscillogram of Fig. 5 shows the echo indication (DE) of a 5 mm 
deep surface notch (S/N 24.8 dB). Due to the complete corner reflection 
of a SH-wave independent of the angle of incidence a high sensitivity is 
achieved also at an angle of incidence of 60°. At this angle of 
incidence a SV-wave delivers a loss of sensitivity due to mode conversion 
into longitudinal waves. 
The high sensitivity of SH-waves for crack-like surface defects in 
the cladding is demonstrated in Fig. 6. An 1 mm deep notch (length: 25 
mm) is detected with a S/N of 8 dB (DE, upper oscillogram). The edge 
echo from the specimen is indicated with EE. The lower oscillogram shows 
the typical cladding noise which is received testing with SH-waves. 
These results show the high potential of SH-waves for testing austenitic 
welds and cladding. 
Much more complicated than the ultrasonic testing of austenitic 
welds and cladding is the ultrasonic inspection of dissimilar metal weld. 
In this case either a component of ferritic steel is connected with an 
austenitic component by an austenitic weld or a ferritic component with 
austenitic cladding is welded on an austenitic part in two steps, namely 
by a buffer weld and an austenitic weld. Here also SH-waves seem to be 
the best choice for the inspection because the propagation of these waves 
is least disturbed [5]. 
For the in-service inspection of components in a nuclear power plant 
of advanced technology investigations were carried out for the surface 
(near probe surface) inspection of a dissimilar metal weld in a vessel 
with SH-waves of grazing propagation. Because the weld is not directly 
accessible, the inspection must be carried out from a distance of 343 mm . 
In a first step the sensitivity of SH-waves for surface defects 
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Amplitude locus curve of longitudinal surface defects at the 
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metal weld. 
(longitudinal defects) was investigated at specimens with dissimilar 
metal welds and edm notches (length x depth: 10 x 4, 10 x 2, 5 x 4, 5 x 
2 mm2) oriented parallel to the weld seam. 
Fig. 7 shows an amplitude locus curve for defects at the austenitic 
weld metal/ base metal interface. The SH-wave was excited at the 
austenitic side and the EMUS-probe was moved by a manipulator at a fixed 
distance parallel to the weld seam. The testing frequency was 790 kHz. 
Using a peak detector with a time gate corresponding to a testing range 
of 30 mm (width of the weld including the interfaces) the maximal signal 
amplitude in the gate was registrated at an x-y-plotter as a function of 
the probe position. The y-axis is calibrated in a lagarithmic scale. 
Additionally to the amplitude locus curve the acoustical background noise 
level is indicated. The notches of 5 x 4 mm2 and 5 x 2 mm2 are detected 
with signal-to-noise ratios of 14 dB and 10 dB. If the defects are 
irradiated from the ferritic side, the notch of 5 x 4 mm2 can be detected 
with a S/N of 10.8 db. The notch of 5 x 2 mm2 is no more detectable (S/N 
- 3.4 dB) [6). It is remarkable that even at a distance of 343 mm the 
dissimilar metal weld can be inspected from the ferritic side for surface 
defects with a sufficient sensitivity. Notches of 10 x 2 mm2 at both 
interfaces of the weld were detected with signal-to-noise ratios of > 6 
dB. 
The results confirm the theoretically predicted favorable properties 
of SH-waves for the testing of austenitic welds and cladding. The 
results presented above have been achieved with bulk SH-waves. Among a 
variety of applications of guided SH-waves, in the following we will 
report on the inspection of bottom plates of tanks by guided SH-waves. 
CORROSION TEST OF BOTTOM PLATES OF TANKS 
The bottom plates of gas and oil tanks in the chemical and 
petrochemical industry have to be inspected in prescribed time intervals 
to ensure a sufficient wall-thickness and a timely detection of corrosion (wastage, pitting). The technique mostly applied for this task is 
wall-thickness measurement with perpendicular insonified longitudinal 
ultrasonic waves. For the inspection of bottom plates of tanks this 
technique has the following disadvantages: The inner surface must be 
carefully cleaned to have a sufficient coupling; the inspection must be 
carried out in a very high inspection density to detect small pittings; 
large areas have to be inspected (some 1000 m2) so that the costs and the 
time of such an inspection become very high. 
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These disadvantages can be overcome using a technique capable of 
inspecting larger areas with sufficient sensitivity of detection and 
working without any coupling medium. 
The detection of corroded parts can be carried out using guided 
horizontally polarized shear-modes. According to Fig. 8 these waves are 
excited and detected without any coupling medium by an EMUS-angle probe 
for SH-waves. Due to their guidance by the plate they can propagate over 
distances up to 1 m in thin walled plates of several mm thickness. At 
corroded parts on the upper as well as on the lower surface they are 
partially reflected because of a local changing of thickness. Instead of 
scanning the whole area with a scanning distance of 10-20 mm using normal 
probes this guided wave technique requires only a scanning of lanes with 
a length of ~ 500 mm and a width of 10-30 mm depending on the lateral 
sound field of the probe. If corrosion has been detected and localized 
by evaluating the arrival time of the echo a precise local measurement of 
the wall-thickness can be performed by an EMUS- or piezoelectric normal 
probe. 
Measurements for the determination of the sensitivity of detection 
have been carried out at different test specimens with simulated wastage 
and pitting using the SH-modes AS1 and SS1. 
Fig. 9 shows and A-scan of the mode AS1. The test specimen has two 
corrosive areas of a diameter of about 200 mm, one at the near-probe 
surface, the other at the opposite surface. (dashed circle). In both 
cases the remaining wall thickness was 70%. The A-scan shows the echo of 
the wastage at the near-probe surface, the defect at the opposite surface 
lies in the shadow of the first one and is not detected. The 
signal-to-noise ratio of the echo is 25 dB, the distance between probe 
and reflector is 200 mm. 
Insonifying wastage defects with smaller diameter, it is possible to 
detect defects (diameter about 70 mm) located one behind the other; one 
area on the near-probe surface and one on the opposite surface with 
reduced wall thicknesses could be detected with a signal-to-noise ratio 
of 25 and 16 dB (Fig. 10). Even at a distance of 1m the defect at the 
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Table 1. Sensitivities and inspection distances of SH-modes (ASt, SSt) 
for corrosion 
Type of defect 
Simulated corrosion 
wastage, remaining 
wall thickness 50%-70% 
pitting 
0: 10 mm 
Real corrosion 
through-shaped 
wall thickness reduction 
0: = 18 nun 
S/N [db] Inspection distances [mm] 
25-30 200 -1000 
<! 15 200 - 300 
<! 15 200 - 300 
near-probe surface were detected with a signal-to-noise ratio of about 20 
dB. Table 1 summarizes the results of experiments on different samples 
with regard to the achieved sensitivities and inspection distances. 
CONCLUSION 
This paper has treated the possibilities of the surface inspect ion 
of austenitic, dissimilar metal welds and austenitic cladding with bulk 
SH-waves. Further first results have been presented for the inspection 
of bottom plates of tanks with guided SH-plate-waves. Measurements were 
carried out with ~lectromagnetic yltra~onic-(EMUS) probes. 
Due to the favorable propagation properties in austenitic welds and 
cladding SH-waves have a high potential for testing the far probe as well 
as the near probe surface . Especially the small beam skewing, the nearly 
total transmission at the base metal/weld metal interface, the complete 
corner reflection and the grazing propagation contribute to a high 
sensitivity for longitudinal surface defects. 
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Using guided SH-plate waves for the detection of corrosion in bottom 
plates of tanks the inspection time can be drastically reduced. 
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